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stations. Where their altitudes are of the order of five to 
ten thousand feet it would be inap ropriate not to 
recognize this fact by the indication o Y a probable rain- 
fall well in escess of that known for the surrounding 
country. An esam le of such mountain masses is the 
giant San Jacinto Feak in southern California, rising 
abruptly some ten thousand feet above the irrigated 
desert lowland on the east and eight to nine thousand feet 
above the orange orchards on t.he west. San Jacinto, 
ermanently snow capped with the esception of two t,o 

four iiiontlis of the year, is the scene of great t.liuncler- 
storni activity and gives rise to permanent streams which 
water considerable irri ated tracts. Thus the San 

main drainage systeni for the southwest side o f  the 
mountain, in 1918 supplied water for irrigating 9,015 
acres.28 It is evident that a considerable escess of 
precipitation over that of its surroundings falls upon 
such a massive peak and upon it,s attendnnt niountainoiis 
upland lying to the southeast. The problem is to est.i- 
niate the amount of this precipitation as closely RS possi- 
ble. The following considerations are of import,ance. 

6 (a). Inferences from kiumn rates o chanpr .ill the 

increase of precipitation with altitude furnish a reasont.hle 
basis for estimating the amount,s of rainfall a h v e  the 
higlicst station of a -iven chain. The short.er, in ternis of 
altitude, a chain or  stations is, t,he less rrliahle tire ibs 
indications as to the probable rainfall in t,he rcst, of t.he 
section involved. There are no chains of stations on So.n 
Jacinto. However, there are available for different, sides 
of the mountain five rainfall records of varying 1engt.hs 
which give for a considerable rnnge of nlt,itucle, some. idcn 
of the condibions. The town of San Jncinto, lowest of tdie 
stations, 1,550 feet in altitude at  the west base of t,he 
peak, has a 25-season rainfall mean (ending 1919-20) of 
13.07 inches. From San Gorgonio Pass, on t,he 1iort.h- 
west, at  2,560 feet, there is a broken record corering the 
years 1875 to 1888, showin n mean rainfall of 28.67 

3,045 feet, a 1.0-year record from 1911 to 1921 shows a 
mean of 23.24 inches. Hurley Flat, at  3,500 feet, on t,he 
north side, had a inem of 21.49 inv1ic.s for the two years 
1919-1921. Idyllwild, at  5,350 feet altitude sout,li of the 
peak, for tlie 10 years 1901-1911 averages 37.51) inches 
ann~ally.2~ These features would appear to indicate tlint 
rainfall a little more than doubles in 3,700 feet of changc 
up to tlie altitude of the highest station on San Jacint,o. 

Before pointing out the bearin of these figures on tlie 

station it will be well to compare the conditions here with 
those elsewhere in sou them California, which also throw . Some 35 miles SSW. of San 
Jacinto Peak, r b l e m  alomar Mountain, 6,126 fe.et in altitude, 
light on the 

fornis tlie culminating height of an upland for wliicli 
there are rainfall records of various lengths, which, if 
reduced to a uniforni 50-year period, indicate an increase 
with altitude as follows:?* 

Jacinto River and its tri % utaries alone, constitut,in the 

amou.nt of precipitation. w i t 7 b  aZtitt&.- f h o w n  rat.es of 

inches. Near Beaumont, a 7 so on the northwest,, n.t 

problem of estimating the rain 7 all above this highest 

Frcl 1 Znchrs 

2,800 I 27.90 
2075 ~ 27.61 
4 500 i 32.72 
5:350 ~ 45.50 

1.WJ I 2l.m 

I( Irrigulion Requirements of Csliforiiio Lnnilu. Ildletin I of Division of Engineering 
and Irrigation Department of Puhlic Works Yncrainrnto. l'dif. See Tnhle 1. "Z'sr 
of Water as hreasurrd on Various Syslrnrs." d h  from Fruitvnlr Water C'orup:ms, S m  
Jacinto. and from Lake Hemet Water Company. PP. 13-30. 

27 Ibid.. Table 4. 
11 Ibid., Table 4. 
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These figures would appear to indicate that rainfall a 
little more than doubles in 3,304 feet change of altitude 
up to t.he level of the highest station, which is to say that 
i t  inc.reases in approximately the same proportions as on 
San Jacinto. It IS importtmt to note that here the high- 
est station is vertically within 77G feet of the summit of 
the peak, while on San Jacinto it is 5,555 feet below the 
summit. Furtheiiiiore., both upper stations are below 
the level of nimimuni precipit,nt,ion, as estimated by 
McAdie for sout,liern Cnlifornin, 8,200 feet,.?" If for San 
Jacint.0 we ninv base a crude estimate of the rate of 
increme with alt,itude on the figures for the lowest and 
highest stations, these inclicitte that tlie rate averages 
approsinintely 0.40 inch per 100 feet. Assuming that this 
rate c.ontinues up t.o t,he altitude of the niasinium rainfall, 
we have 39.130 inches as the precipitation at this level. 
"lie rat,e of increase robnhly declines, however, though 

1ocii.t.ion and varying esposures of the st.ations used in 
nrriving i1.t t,he estiniabe. I t  is believed that 011 this basis 
we m:iy sRfely conclude that. not less tlinn 35 inches an- 
nunlly is t,lw nvern.ge precipitntion at. the zone of ni-mi- 
iiiuni on Snn .Jacinto. It, was hoped that a comparison 
of t.he veget:it.i-i-e cover on Snn Jncinto v. for instance, 
t.hnt, n.lnng t,Ee Sout.hcrn Pacific Railway in the Sierra, 
wdierc t,he precipitn t.ion-rtltitude rolat,ion is pretty defi- 
nit.rly known, might! aid in est.imating the amount of re- 
cipit,ti.tion :it. t,lie zone of mnsimuni on Sttn Jacinto. %ut 
it. appears thnt. in this ~ i i s e  vegetation is no criterion. 
Thus the i ell ow pine which fornis one of the mnjor forest 
t.gpes, both on tlie Sierra nnd on San Jncinto, thrives under 
rainf:i.lls r.ti.nging anywhere froin dmut 10 inches annu- 
ally to :thout 59 inches. Likewise the Dou-las fir, of fre- 
c uent, ocvurrence in stancis misecl with yelTow pine, also 
hi:ir:i.ct,eristir of the t,wo regions, lives under extremely 
tlirersc climnt.ic condi t.ions. 'l'hus in the Puget Sound 
region it. t.hrives on 100 inches &:I annual rainfall, and in 
t,he Rocky Mountains it, is fomd where less than 15 inches 
occurs n1111~dl.~.~~ Neither of t,hese trees, therefore, is 
useful 11s :I. precise rainfall indicator. 

6 ( ,b ) .  In e r e w e  rorn mc(7.11. serrsoiml stream disc7m-p.- 

the San Jncint,o Highland and the Palomar Highland (or, 
in other wortls, the sides espcmcl to the rain-bearing 
winds) tire t,he Snii Jacinto and the San Luis Rey Rivers, 
respectively. Their two drainwe n r e ~  cover 330 and 
325 squ:i.re miles, respectively. kstiniates of the run-off 
abore t.lie mniu agricult.ura1 areas, based on stream dis- 
charues. show that for the San Jncinto basin this amounts 
t,o 236 inches annually and for the Snn Luis Rey 3.42 
inclies.31 With respect! t.0 t,he average. rainfalls of the 
areas n.s comput.ed on the basis of five records for each, 
these run-offs st,nnd in the relation of 100 to 86, which is 
t.0 sny that t.he run-off on the San .Jacinto watershed is 
soiiiew1in.t greater in pro ortion to the coni uted rainfall 

too lnrge t.o be due to difficulties in deducing rainfall 
from run-off. It, is, moreover, robtxbly not due to differ- 

absorption and retentmion of water. Geologically the two 
regions are similar, both being made up of originall dee 
seated rocks from which run-off is in general rapidY T f i  
varintion in the vegetative cover according to altitude is 
much the same in both.33 Clinpparal largely mantles the 

it is impossible to say P iow rapidly, owing to the scattered 

Draining t. f f  ie sout i and west sides of what niay be called 

than is t.li:it on the Ynn I! uis Rey. This di w erence seems 

ences in the nztture of the lan s surfmes as affecting the 

$0 McAdie. The Hainfsll of Californin. Zoe. eit. 
30 Bce Sudworth, Oeorgc B., Forest Trws of the P:iciflc Slope, U. S. Dept. of A@ml- 

turr. For& Service. unnumbered bulletm issued October 1. lW, Government Printing 
Otnw. Washington. 

81 Flow in l'alifornia Stream. Bullrtin 5 Division of Engineering and Irrigation 
Dept. of I'uldic Works, Sscrammto. Calif. 'San Jwlnto River, Table 136. San Lnl; 
Hey River TJdc 134. 

32 Iufornhion from M S .  map of rcgetntivc types, furnished by 0. E. Raker, Bureau 
of .4gricultural Economics, U. 5. Dept. of Agriculture. 
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slopes u to some 5,000 to 6,000 feet (though locdly inter- 
rupted P ,y yellow pine beginning at  about 3.000 feet). 
Above the chap arnl he.gins n yellow pine.-l)ouglas fir 
zone, representel’ on Pa1om:ir by relatively uniniport,nnt 
stands of this type about the stmunit, and on the Ynn Ja- 
cinto by a forest which est,ends to n prosinlately 9,000 
feet. Abwe t.his, ngnin, spruce-fir !orest occupies the 
gulches about the t,hree peaks of wvliich San Jncinto proper 
is the c.ulminsting one. It, swiiis ns if the run-& in favor 
of the San Jacinto wen, that run-off being the gre.itt.cr in 
proportion to the ctmiputed reinfdl, niiglit be nscnbed t.o 
the fnct that while the drninitp R ~ A S  are of almost essctly 
the same size, ?nd while the rainfall nversges given nboqe 
represent conditions over virtually t,he snnie range of itltl- 
tudes in the two regions, the run-off in tlia case of Snn 
Jncint,o Higpand is derived .t tly froin a snif:i.ce ostend- 

Palomar Mounhin. This is in ngreenient 1vit.h t.I!e iigures 
based on the est.imri.ted rate of increase of precipt.:L tion 
with ultit,ude in the region. 
6 ( c ) .  Ijzfrrence -$-om m o d d y  distrittctinw o# seasonal 

run-o$-Esrwninntion of the mont,lily dis trihution of 
the seasonal run-off in t,lie San Jucinto niid San Luis Hey 
Rivers discloses t,he fact that t,be San Jacint,o lins much the 
st,esdier flow, as shown by the following Table 5 hnsed 
for the San Jncinto on dnt.fl nssembled by the Lake 
Hemet Wttter Co.,  and for the San Luis Rey on those 
of the United States Geological S u n ~ y . 3 ~  

ing some 4,300 feet higher t P‘ inn t h t  mhich culminates in 

TABLE ~ . - G ‘ o I I L ~ u ~ ~ ~ o I L  of the ,traortfltly di.dr~bltfiO?i of rtia-off it& 
pcr  cent of seasomil total, Ran Juciiito aiid ,Sun Luie Rsy  Rii-erd 

San Jaeinto _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
SanLuisRey _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _  

I 

I t  is evident t,liat tlie differe~i~es shown are due to 
certain differences in the nnture of the two wnt.ersheds. 
That of the San Luis Rey lies ent,irely below tho level 
at which snow lasts for the iiinjor part of the year, with 
the result that the inrtsiinurn run-off oc.curs in Jaiiuatry, 
tlie month of maxinimn rainfdl. Tliere is even t t  sec- 
ondary masimum of run-on’ in Mardl in sym y tl;y with 
a secondary maxinium of ra.irifal1 in March. n the San 
Jacinto, snow storage and tlie forest, cover above the level 
of the highest station so fiir equslize the flow t.11u.t t,he 
rnasirnum is clelayeci until Mmch ttnd t.hen is but ’38 
per cent of the selisoiial tot,:d. Most signiticnnt, how- 
ever, is the fact that in spit,e of t,he influence of Jnnunrg 
r&s below the temporary snow line 1111 San Jnrinto, 
which rains we then t,lie heaviest of the yew, just ns on 
the San Luis Rey, nevertlieless tLe Jttnuzwy run-off in 
the San Jacinto is only 9.0 per cent of the totid, while 
in tlie San Luis Rey it is 33.9 per cent. While tlis is 
not direct evidence that an increase o€ precipitation 
continues well above 5,000 feet on Snn Jtwiiito Peiik, it 
strongly favors that assumption. 
6 (d). dc tud  v. o urtiae precipitcction a.s r d a t e d  lo 

the rates of run-off, measured above the beginning of the 
nirtin qricultura.1 area, represent net results after u cer- 
tain amount of the ground water supply lias been per- 
manently removed by the growth of vegetntion. and after 
an evaporation from the eart,h’s si!rfnce which is esceed- 
ingly active under the desert conditions of hiah tenipera- 
ture and great depression of tlie dewpoint. houg l i  it  is 

observed t*u,e-o#.-It % s ould be borne in mind, nlsu, tlint 

3s Tables 133 and la6 in Flow in California Streams. lor. fit. 

equally important to recognize that to some extent even 
at the high nltj t.udes these desert conditions reduce the 
a.iiintiiit of precipit,ntion that reaches the ground, never- 
t,lieless, tending to neutralize t l h  effect is the fact that 
R t  times of heavy loctil thunderstornis or of general 
cyclonic rains on the penk, the presence of n c.loud cover 
reduces the air temperature and hence also the rltte of 
evnpor?tion, while the precipitation itself is its own 
protection tiginst esbreme emporntion esrept on the 

t.liere is from the falling rain or snow helps t,o niaintain 
n high huniidiby within the passing storm. Thus, during 
t.he periods of stonn, evaporation losses are far less than 
t.lie moisture income. In the period between storm, 
on t,lie other htmd, ova oration losses are enoimous. 
Strong winds, high sun, Righ temperature, low relat.ive 
humidity, rmd low pressure conditions at  high altitudes 
tiII liitve their effect. These losses affect not only sur- 
faces wet, from recently fallen ra.in and snow, but. the 
previouslg ctcquirecl moisture as well, through evitporn- 
tiori from plmt surfaces and from t,he packed snows of 
wint.er. Snow in t,lie gulc.lw near the sunmiit has been 
estim:~.ted t.0 lie 30 to 40 feet deep3‘ Thus an est.reinely 
heavy original catch of precipitation i m y  be si) ciisc.ounted 
tliut, the net result in me.asurec1 stream discharge effec- 
t i d y -  concenls the trutb about precipitntion iit the high 
altit.udes. 

These considerations would semi to  indicate that an 
increase in prec.ipitat,ion on Yan Jncinto, from 37230 inches 
at, 5.250 feet to at least 35 inches at the level of the 
miminiurn may be regtlrded ns a certainty. Indeed, 
there would seem to  be strong prabttbility that 40 to 45 
inches is nearer the t,ruth than 35. With reference to 
the clrawing of the isohyets on Snn Jacinto, then, it may 
be said, in conclusion, that all the evidence points to the 
sdvisttbility of thus iiidicnting the rainfall at the summit. 

7. Stonmary of the factors iizfluenciiig f h  locations of 
the i.eohyats.-To cliscuss till the debails of the considera- 
tinns which have led to the manner of drawing the 
is oh get,^ in various niountnin regions of the State is not 
~rncticable. They included the following itmenis : (13 
known amounts of seasonix1 rainfall at stations about 
the bastst? m d  my evidence they furnish ns t,o increase of 
minf:ill n-itli altitude; ( 2 )  latitude, as nffect,ine the pre- 
~ipit~atioii iii the region in which the mountttiu is located, 
txinfiill ,in p w r d  increasing from south t,o n0rt.h in 
miclclk latitutles orcr west comts; (3) altitude and t,he 
bulk of the niountnin ninsa as affecting the nniount of 
ol.)st.ruction offered to the prevailing rning wind, and 
t.lierefore ns affect.inp tlie aiiiount of precipitation: (4 
the. poeit,icin atid height, of t<he mountnin range with 
reference t.o the osit,ion and height of other ranges 

sliatlow on t.hn ranges in t,lillo lee in case their positions 
relative to the direction of the rain-bearing winds made 
t,h a t possible. 

S. C!har*cirfer qf liws used .in, dra.winf! the isohyets.-It 
rciiiains t.0 oint out, the reasons for using B different 
ohitrncter o P line in different. p&s of t,he ninp. Solid 
lines nre used wherever we have United States Wenther 
Bureau c1nt.a to esttlblish the limiting aniouiits of pre- 
cipitation for m y  nren. Thus on mountain slopes solid 
lines m e  used to indicate tlia probable (lis trihution of 
rainfall up to the liidiesb sbation, wlietJier there are 
st.nt,ions between t.he yiighest nnd lowest or not. The 
iiios t complete series, which therefore allows the tlrmving 

edges of the rainfall wea, becttuse d in t  evnpor. d t’ loti 

1,etween it iind t Y le ocean which might cause a rain- 

- - 

31 1nlwm:itinn lronl 0. E. Baker. Bunmi of Agricultural Economics. C7. Y. Ucpt. of 
Agriculture, tJWd on lwrsonnl exprrienre on the imak. 
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of the isohyets with the greatest, assurance, is t,liat along 
the Southern Pacific Railrosd, us already notecl. The 
ot,lier extreme niny be illustrsted b the isohyet,s on t,lie 
low ranges just southeast of Cape i endocino. Serving 
the north end of this area :we two stations, sonie 20 
miles a art. The base station has a rninfall of 44 inches 

gut 244 feet above seft level, has 83 inches plus. The 
only other station in this mountain grou 1 is sonic -1.0 

south end 
of the ranges. Solid lines liave 
been drawn for t,he whole group. It. niay he noted h t .  
in this case t,he relt!t.ive nltit,udes of the t.wo la.: t,-nim- 
timed stat.ions form no guide to their reln.t.ive rainfalls, 
t$he reason being that while the southern st.ation has t,he 
heavy rainfall xppropriate t.o t,lie windward slope of n 
coast rsnge in nort.hern California, t,he nort.heim sbntion 
receives msent.ially t.he smie niiiount. hecuuse it. stands 
close under t.lw lee of nn out.er range of hills eclu:illy 
well exposed to southerly and soutliwestei~ly winds from 
the sea, the precipitation “spilling over” t.lie crest of 
the range into the valley beyond. 

*4n example of another sort of t,ren tiiient, is t,hat, PEOU 11 
by the isohyets in the tunihled mounbain region of t,he 
northwestern corner of t.he St,nte. Here, in tin itre~i 
litrger than Maissacliusct$,s, only foiir Unit.ec-l l;t,iit,cs 
Weatlier Bureau sta.tioiic 11av-e unbroken r~cortls of 10 
years or more, ending 1910-20: three inore hare l~roken 
or closed records nn6ednt~iiig that, sc..r\.son; wliile t;!ie t,ot.:il 

is but 10. MRssnc,liu~et,t,s, wit,Ii n t.opoprilap1iy which, 
owing to the slight relief, has far less influence on t,lie 
c1ist.rihution of railifdl t,lin.n 11;:s thnt of nor thwtern  
California, has 32 :wtive st,n.tions hut, t>hree of wliicli are 
of less thnn 30 yews' st,siiding. For tbis ~n1iforni-a 
Lrea solid nncl severely sniootlirtl isnhycts intl ic:itc tho  
esthn.tcd distribution of r;iinfdl up t,o 50 inches, t,hibre 
being but one station wi’h mort than t,li:Lt n.inount (5-4 
inches plus!. There is :x hrokcn record covering 30 
ysc.rs for tjlie const, st-ntion nf 0rescei;t Pit?, in the 
extreme nc~rt.liwcst.ern coriwr, intlir..zt.in- n sensond 
nvcrage t,hex of TO inc1ii.s rlus. Togct?icr with this 
heavy sen-level inninfall, the f:xts of t.hp d t i  truc-les (if the 
riinges (up to 5,000 feet but lnrgrly 1,500 bo 3,0001, t,heir 
exposurct to rain-bearing winds, nncl t~ 61-e-year iiienii of 
rainfall of 109 inchs  plus at. ilioiiuiiieiit,iil, close to the 
Ctilifoimia-Oripn line, :~ppc;a t,o justif>- thc dritwing 
of broken isohyet-s up to 100 inclics. 

The thin1 condition under wliicli t.hc iso1iyet.s h a w  
been drciUwn is t h i t  illust,r:it,etl by the c w e  of S:tn J:minto 
Peak, i ~ l r d y  discussrJ ,. w-l i tw  t,liere tire no recorc!s. of 
any sort ubovc a cprtain lcrrl. Under this conditmi 
broken lines rr;>rcscn t est.r:ipolnt.ion to wlint,ewr rsb~iit, 
is thought just.ifiahle in the circuiiist,nnces. 

lus; t R e upper station, in a valley a t  an elevation of 

miles away, a t  2,000 feet altitude, near t.ie 1 
It has 84 inches plus. 

number of records from Fei:lc.rn.l, Sbnte, or pr in tc  ;:. -I )urc es 

IV.  THE NEW R.AINFA1.L MAP: DISCUSSION 

The gei ied relations of rainitill tlo topogruply in 
CJifornin hnvct been so oftmen pointed out that i i  is 
unnecessary to do so I-iere. The rainfitll iiiap it,self 
shows these relations in a clear and striking mnnner. 
There are, however, some itenis of interest which slioulcl 
be alluded to for t,he urpose of emphnsizing certain fa& 

of view of agriculture in blie St1it.e. 
1. The axes of h(>avi.t%t raiilftrll ,in the S,ir.rra a d  qf 

least ruii$ill in the I n t t k r  VaiZuy.-Not,e has often been 
made of the position of the nsis of mrisimuin rainfall 

of the distribution w P iich are iiiiportnnt from the point 

lits some 5,000 feet alt.itutle on the west slope of the 
Sicrrti, tint1 of the iniport.:mnce of this and of the snow 
iibow t.liis level t:o irrigation interests in California. 
Brt,ween t.his zone of niasiniuni receipt of precipitat,ion 
and tdixt. of mnsimum use, agriculturally, which is the 
great. Ccntrnl Valley, lies a zone which is becoming 
vei~rly of grmter import,ance to Cdifornia, a zone wherp 
the raising of clecitluous fruits is cai-riecl on wit.h a mini- 
mini rc.cluireiiic?nt of wnt.er for irrigat,ion, the rainfalls 
?wing of tdir? order of 30 t.o 35 inches, neither too lit,t,le nor 
t,oo niucli for succcssful fruit raising. Bright sunshine 
is ;Jnintlnnt., but,, because of the nltitude houghlj- 
1,000 t.0 2,000 feet:), the Pscrssively high temperatures 
of suiiiiiier fouliil in blie d l c g  rarely estend into the 
zone of derilluous fruits. Wint,er c o b  is sufficient to 
imintnin t,lie iii)rnid cycle of tree growth and rest. 
,Ilt.ogcthei., t.liis zone. owes its increasing significance to 
IL highl?- fxrornhle c.omhinnt8ion of factors, not the least 
of wliicli is t,lic pnrticular re iond distribution of rain- 

p:wt . 
Relntcd directly t.o the distsibut,ion of rainfall on the 

Sierra is its distribution in the Interior Valley. If one 
will carefully trace t,he positions of the 10, 15, and 20 
inch isohyets, t.he fact, hec.onie,s clear that the increase of 
n~inftdl on t.he east, side of t,he valley begins many miles 
wcst of t.lie actual western limits of the Sierra foothills. 
This west.warc1 est.ension of the rainfall is least marked 
in t,lLe sout~henstern part, of the San Joaquin Valley and 
~r~latlunlly increases t.0 a ninsimum in the region b,etween 
bbockt,on and Mnrysville. The r ion referred to stands, 
r e lhve  1.0 t,he inflow of moist air (7 rom the Pacific Ocean, 
opposibc the lowest wide gap in t.he barrier of the Coast 
Ranges. This gap, to &her with the area of maximum 

of henriest part,icipation on the Sierra itself, a.re all in 
nligniiient from southwest to northeast. Hence it is, in 

art, t,liat t,he lowest section of the Sierra forces the 
Ieavicst, prcripit,nt,ioii-aided (to an extent not ossible 

metric depressions cross t.liis area wit.11 respect to thnt 
fa.rt,her sout,h. 

Thus t,he zone of niininium rinfall  in the valley is 
ushed far t.o the west of the asis of it, being displaced 

western third. Supplementing this influence of the 
Sierra must, be recognized the influence of the Coast 
Itmgcs in causiiiv a rain slitladow in their lee, LLS already 
cliscussed in alanotEer connection. 

2 .  The coitceiitration qf the hca.vie.st recipitation on the 
Siprru ~ t ~ v i d ~ i .  iir its ,iiort.heri~ third.- 5 lie records of the 
rti.inf:ill shtions in the Sierra indicate that it is erroneous 
to picture t,he precipitation in that region as decreasing 
graclunlly and soniewlint uniformly southeastward along 
the range. As newly ns can be determined, a rather 

amount,s of rainfall in t,hc northwestern third (north o ?? a 
sharp distinction should be macle between the aver 

belt inc:ludin Placerrille and the southern end of Lake 
Northwest of the 

belt the rainfalls arc of t.he order of TO to SO inches or 
more; and southeast of it they decrease abruptly to ap- 
prosiniat,ely 50 inches, decreasing therefrom southeast- 
ward in spite of the increasing tdtitude of the range. 
The cvidence is to the effect that the decrease is some- 
what gradual down tao the latitude of Owens Lake, south 
of which the rainfall drops off rapidly toward the very 
small rainfalls enst of the southern end of the San Joaquin 
Valley. 

f:d1 found on t,lw mountain s F ope of which it occupies n 

est,rnsion westward o ! the Sierra influence and the mea 

t.o iiieasurr) by t,he greatel- frequency with whic i baro- 

f c ‘its t in t,hc southetutern end and most in the north- 

Tnlioc) and t 9 ie southern t,wo-tliirds. 
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3. The. rahfall oj- the Coast Ratiges.-Another general 
znisconcep tion re arcling the clisterih tion of rajiificll la ti- 

to the Mesican line. It should t,lierefore be pointed out, 
first., that the decline, if one considers coast, st,at#ions, is 
far from regular and is even interrupted by pronounced 
increases ; and, second,. t,hut for epery nmjor ritnge along 
$lie outer const them IS oliservzttionid. eyichce to sllow 
that the niean seasonal rsinfall u 011 it is not less than 
30 inches. On the first point, t,he Y ollowing list (Tablo 6 )  
of coastal st,ations, nmmged in order from nnrth to soii t>h, 
sliows t,lie t,rue coiiditions : 

P tudinall in Cali P ornia IS that it, declines grndudl from 
the nort T iwest corner of t,lie State dong the Coast tnnges 

~- 

Station 

The most striking imedarit,y is the sharp l w x l r  in the 
general magnit.ude of &e amounts bet,w\-cen Fort, ltoss 
and San Francisco, the former re rescnt.ing the southern 

as ranging from inoclerate t u  henry, according t.o the 
orographic. control : while, Snn Franckco stnncls a t  the 
northern end of a zone of nioderat,e to light rainfall coni- 
prising the sout,hern two-tliirds of the coast. 

The second type of irregularity is seen in t.he local in- 
creases of precipitation between Fort Brngg and Fort. 
Ross and between S5n Francisco and Santn Cruz. For 
each there is an obvious reason in tlie local orographic 
control, since both Fort Ross and Santa Cruz stnncl at  
the windward foot of a range of iiiountains tlirtt offers 
pronounced obstructio-n to the prwailinF rainy wind. 

From this point it is but n stcp to tile rccognit,ion ciE 

the. fm.t that the. out,erniost. C'oast Range, fronting ili- 
rectl on the sea and broken by greater or le,sser gaps 
whic iy 1 afford free entrance of the winds to the int,erior, 
has a ieci itation which varies, regionally, cren 11iori' 

*or unit of this outer range is t,he site of n relnt.ively 
heavy rainfall . Ever\- gap sepi~at,i11g t,liese units is :L 
re ion of s i n a h  rainfall. 

%urthermore, note olioulii ]>e iiincle of the striking ilif- 
ferenco between the rainfnlls .of the outer and iinicr 
Coast Ranges. Broadly speakinw, t,he inner hnvc linlf 
as much as the outer, for they 1iw.E the. altitude necessary 

end of a zone of precipitat,ion w P iich may he described 

markec P '  ly t 'p Ian that of the c0nst.d st>ations. Every. ma- 

t.o force much precipitation from a su ply of moisture 
that, ha* already been greatlp d~plet~ec P on crossing the 
outer rn.ngt!s. 

The longit.udinn1 valleys within the Coast Ranges show 
ccjnt,rast.s in rrbinfall with their hordeling niount.ains not 
less st.rilsing t,lian t.liose of the SiwrainentoSan Jonquin 
wit.h reference to t.he Coast Ran es in general and the 

cxt,t.nding sout.licnstwarc1 to about lnt,itude 3 6 O ,  8 chain 
of niajor vallc~s lies nortlienst of the outer ranges, and 
in t.lieiii the rainfnll is of the order of 30 to 30 inches less 
t,hnn 011 t.he out,er rmges, In  t,hem the forests of the 
out.cr ranges give way to the grass lands of tlie vulleys, 
which display an incrensin ly semiarid appearance from 
nort~~iwcst to soutliesst. 8cre tlie suniiiier t.eniperat,urcs 
occnsiondly rival those of the Interior Valley. As far 
as nppearmcos go, t.he Pacific Ocettn might be a- t,liousanll 
niilca away instead of the fiftcen or twenty, which it 
nc t,ually is. The Salinas Valley, sout.heniinost, of the 
clinin and niost a propriately named, presents an 
ririility only less stri E -ing t.hm that of the great sout.h- 
en.strr?i t1rsert.s in Chlifornin. Irrigation is the only 
Iiope of agricult.urc!; strong, hot winds from t,he north- 
west and clouds of drifting dust are typical of its summer 
climate. 
4. R(zit&dl g d i r w . f s  in i!cf7~~~rn.ia.-Takcii as n whole, 

t,he State is one of steep rainfall gradients, as is a natural 
corollary of t,he strong contrnsts in t.ogography. Eni- 
p h i s  is usu:tlly lnid on the steep gradient over the lee- 
wwd slope of the Sierra Nevada, particularly dong the 
escarpment which extends Jong much of its length. 
Pronounced as this gradient is on account of its g!ent 
Iatit,udinal est,ent and on nccount of it.s stee ness, it is 
far exceeded in st.eepness by gradients in at  ? east three 
other localit,ies in t,he Qt.at.e., all of then1 on t,he ruitdu~urd 
sides of mountain runges. Of these, one is on the Sierra 
Nevada., motlier on the Coast Rengcs! and the third 
on the Sail Bermrdino Rmge in southern California. 
Table 7 below gives t,he pnrticulttt-s and ex resses the 
gradients in inches and hundredths of rttinfa P 1 per hori- 
zontd mile. 

Siwra Neratln. Beginning at a f out latitude 30" and 
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TABLE 8.-Raittjall stations, lengths of recorda, sensoihnl rniirfnll arreragcs, rmrinhililies, dr?porictrrx, niirl j)ra?mhblitit~s. lor  C(il(for?l.in 
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Needlrs ______. ~ _ _ _ _ _ _ _ _ _ ,  W5.2 
form pvririd. 

Bagdad ISan Berlnrdino) - - - - _ _ _ _ _ _ _ _ _  - _. 
Bakcrafieid (Kern) - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Barstow (San Bernardino) _ _ _ _ _  _ _ _  _ _ _  - _ _  
Btrkrlcy (Alameda) _ _ _ _ _  - _ _  - _ _ _  _ _ _  - _ _  - _ _  
Dishop Creek (lnyn) . . . . . . . . . . . . . . . . . . . . .  
Hlue Canyon (Plnccr) . . . . . . . . . . . . . . . . . . . .  
Blythe (Riverside) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Branscomb (Mendocino) - - - _ _ _  - - - - _ _ _  ___. 
Brnwley (Imperial) . . . . . . . . . . . . . . . . . . . . .  ._ 
Cslexiro (Imperial) _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _  
Psliente (Kern) ____________________-.-- _ _  
Csmphell (8onta Clara) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
fi%mpll (Snn Diegoj _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Cmiptonville [Tuba) - -. - - _ _  _ _ _  _ _ _  - _ _  - - 
t?darriifc (Modor) _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Chiro !Butte) _ _ _ _  - _ _  - -. - - _ _ _  _ _ _ _ _ _ _  _ _  - _ _  -. 
Cbinn Flat i Humboldt) __________. _ _ _ _ _  -. 
Clarrriioef (Los Angeles) ._____ - _ _  - - _ _  _ _  - -. 
1:loverdnle (Sonoma) - _ _ _  _ _ _  - - - - - - - _ _ _  - -. . 
corfar i Placer). - ~ - _ _ _  _ _ _ _  _ _  - - - - - _ _  - - -. -. 
Cvlusa (Colusa) ___________.______________ 
Cuyainaca (Sin Diego) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
&ria Il'olo) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Deer Creek (Nevada) . . . . . . . . . . . . . . . . . . . . .  
Denair (Stanislaus) _ _ _ _ _ _ _ _  _ _ _  _ _  - - _ _ _ _ _ _  - 
De Sabla (Butt.e) .________________________ 
Dinuba [Tulaw)---. - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  
Dobbins (\-ubi) _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  
Duwnierillr (Sierrx) _ _ _  - - - _ _  _______. . . - __. 
Darhorn (Buttr)--  ________________._______ 
Edisan (Kern)..-. _____________.________ .. 
El Cnjnn (Pan I ) i e g o l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Elertrs 1 Anlador). - -. . __. _ _  _ _ _ _ _ _ _ _  . . . _ _ _  
Elsinore 1 Riversidp) . . . _ _  _ _  ________. . _ _ _ _ _  
Emigrant. 1 h p  (Placer1 .__________..______ 
Emndido (S:m Diegor __________._.._____ 
Esrrka (Hiiniholdt) - - _ _ _  _ _  - _ _ _  . . . -. . - - - -. 
Folrom (Rarrtrmento) . _ _  ________. - -. _ _ _ _ _  
Fordyee Dnm i Nerads)--- _ _  _ _ _  - - - - - - 
Fort Bidwell ( Modor). .__ - - - - - - - - - -. - - - - - 
Fnrt Ragg (hlrndncinol__ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  
Fort Rorr ISnnomn). - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Frrann (Fnsnn) - ___. ____________._______. 
Grorgrforrn (Eldoradn) ... - _ _  _ _  - _ _  - -. - _ _  
Qlennville (Kern). . _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  
Odd Hun (Placer1 ._.____________________ 
Q r w  Valley (Nevada) - - _.___ _ _ _ _ _ _ _ _ _  - . ~  
Greenland R.mch (Inyo)-- _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  
Hsnford (King) - ___________________. _ _ _ _ _  
Kead Dam [Tuba) .___________________.__ 
Realdrhurg ISononia) - ___. . _ _  - _ _ _ _ _ _  _ _ _  -. . 
Helm Mine (Lakr) .___________________-.- 
Holfisftr (Ran Renlto) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - . ~  
Hullville (Lake) - _ _  - - - - - - - - - _ _  _ _  _ _ _  _ _  - - - - ~ 

Independenre (Inyo). - _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  ~ 

Indio (Riwrsidr) ~. ._____________________ ~ 

Inskip iButte). - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
John (Monbrey) - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

Julian Man Diepo) - _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  
Krnnrdg Mine (Amador). _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Kennet (Shdstn).. _________. ._._________._ 
Iirnffrrld (Marin). ..___.__. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
lirrnrillc I Kern).- _ _ _ _ _  ___. _ _ _ _  ______. _ _ _  
King City (Monterey). .-. _ _ _ _  ._________ _ _  
Knighh Landing (Polo) _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  
Lake Eleanor-.. _ _ _ _ _ _ _  __. . _ _  _ _ _ _ _ _ _ _ _ _ _  _ _  
Lakeport (Lake) _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Lakt Spairldino (Nevada) _ _ _ _ _ _ _ _  (about). 
La Porte (Plumss) ___.____________________ 
Le Grand ( M e a d )  - .____________________ 
Lemon Cove (l'ulnre) . . . . . . . . . . . . . . . . . . . .  
Lick Obsrrmtorv (Santa Clam) _ _ _ _ _ _ _ _ _ _ _ _  
Liurrmorc (Alarneda) - - _ _ _  _ _ _  _ _  _ _ _  _ _ _ _ _  _ _ _  
Lone Pine (Inyo) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Lordsburg (Los Angeles) ___...___________ 
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TABLE &-Rainfall stations, lengths of records, seasonal rainfall averages, variabilities, departicres, aiid probabilities, jor California-Contd. 
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TABLE 5.-Rainfall stations, lengths of records, seasonal rainfall ai'crages, rnriabilitic'n, rZPpnrturcs, and probabilities, far California-Contd. 
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Three Rivers (Tulare) . . . . . . . . . . . . . . . . . . . .  
Trucker (Nevada) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Towle (Placer). . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
T1Lslin (Ornge) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
URiai (Mendocino) _ _ _ _ _  - - - - - - - _ _  - - - _ _ _  _ _  - 
ZTplsnd (San Bernnrdlno)--. _ _ _ _ _ _ _ _ _ _ _ _ _  
Vacaville ISolnno) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Valley Springs (Chlaveras) - - - _ _ _ _ _ _ _ _ _ _ _ _  
Veutura (Veuturnl__ . . . . . . . . . . . . . . . . . . . . .  
l'iualia (Tularo) - _ _ _  _ _ _  _ _  - _ _  _ _ _ _ _ _ _  - - - - 
Warner Springs (Ssn Diego) _ _ _ _ _ _ _ _ _ _ _ _ _ _  
li'asco (Kern). _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Wntsonrille (Ssnta Cruz). - - _ _ _ _ _ _ _ _ _ _ _ _ _  
West Branch (Butte) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Wrslpoist (Calnrerau) - - - _ _ _  _ _ _  _ _  - _ _ _ _ _ _ _  - 
~'il loii~s (Glenn) -. _ _  - _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _  _ _  - 
Yasemite (Mnriposn) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  
ISeka 16iskiyou) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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NOTES, ABSTRACTS, A N D  REVIEWS 

SEVENTY-FIFTH ANNIVERSARY O F  T H E  ROYAL. METE- 
OROLOOICAL SOCIETY 

Nafurp, for May 3, 1925, contains an accniint. of tlic 
celebration of this event in London on April 21-22. 1925. 
The coniplet.ion by t,lie Royal hlet,eorologicitl Socii> ty of 
75 years of continuous nncl increasing service is n.n cwiit, 
in which meteorologist,s of whatever count,r;\. nitty v;c!l 
t,ake pride. 

The founding of Llir Brit,ish Meteorologicd Siwicty 
011 April 3, 1S50, litid been preceded hq' the smiewh:i~t~ 
checlrered careers of two me.tt.orologicn.1 orgn.niz:t,l ioiis. 
The fiwt English Metmrologicnl Society was lwgun in 
1823, Luke .Howard being one of t.he founders ii.ntl atpp~r- 
ent.ly its chief inspiration, for t,he society died of inmit.inn 
after Howard's remora1 from TJondon. In  1'338 thc 
Meteorological Society of London came int,o being. 
Gradual encroachment, of nstrological t.endencies in t.hc 
new organization, honTever, led to the foundine of t,lie 
British Meteoro1ogic.d S0ciet.y. James Glaisfier ~ n s  
its guiding spirit in the early yesrs. He was its secrctnr 7 

he ww its president. I n  18GB t,he society was granted 2% 

royal charter, its menihers hrcoming fellows of the Me- 
t-eorological Society. The or anizat.ion in lSS2 c.Iianged 

sion of Queen Victoria. 
In  conforniitv with the  ideas espresscd by [John] Ri~skin, the 

socieOy at first rlevoted itself t o  the  expensive task of the collcct.ion ' 
and publicat.ion of nieteorological observations from n number nf 
stations, chiefly in Eiiglancl nnd Wales, nfi well as t o  the rending, 
discussion, and putdication of original papers. For i t  will tie 
recalled thnt  in 1S50 there mas no St,ate provision for nieteiwoliigy 
in Great Britain. The results of this work are  printed i n  t.lic 
hleteorologieal Recnrd, whit-h was pi.tblished anniially from 15S1 
until 1910. I n  1911 t h e  work was transferred t o  the  Mt.3t.c wrvtcr, 
the Meteorolo@cal Office. Many investigations were utitlertaken 
by the society in  i ts  corporate capacity and brought t o  a sliwcssflil 
conclusion. Among these may he mentioned the collcc.t.ion of 
phenological observations from t h e  area of t h e  British Isles niid t,he 
annual publication of a phenological report in  the Quarterly 

from 1S50 for 22 years, escept for two years during whit 1 I 

its name to Royal Meteor0 P ogicltl Society hy permis- 


